Studies report that fetal exposure to paracetamol/acetaminophen by maternal consumption can interfere with male reproductive development. Moreover, recent biomonitoring data report widespread presence of paracetamol in German and Danish populations, suggesting exposure via secondary (nonpharmaceutical) sources, such as metabolic conversion from the ubiquitous industrial compound aniline. In this study, we investigated the extent to which paracetamol and aniline can interfere with female reproductive development. Intrauterine exposure to paracetamol by gavage of pregnant dams resulted in shortening of the anogenital distance in adult offspring, suggesting that fetal hormone signaling had been disturbed. Female offspring of paracetamol-exposed mothers had ovaries with diminished follicle reserve and reduced fertility. Fetal gonads of exposed animals had also reduced gonocyte numbers, suggesting that the reduced follicle count in adults could be due to early disruption of germ cell development. However, ex vivo cultures of ovaries from 12.5 days post coitum fetuses showed no decrease in proliferation or expression following exposure to paracetamol. This suggests that the effect of paracetamol occurs prior to this developmental stage. Accordingly, using embryonic stem cells as a proxy for primordial germ cells we show that paracetamol is an inhibitor of cellular proliferation, but without cytotoxic effects. Collectively, our data show that intrauterine exposure to paracetamol at levels commonly observed in pregnant women, as
Much evidence points to the fact that changes to the intrauterine environment can elevate the risk of health disorders in adulthood (Aiken and Ozanne, 2014) . In males, disruption of fetal development, particularly androgen-sensitive parameters, is thought to contribute toward an array of male gonadal development disorders and decline in reproductive health, collectively explained by the Testicular Dysgenesis Syndrome hypothesis, (Serrano et al., 2013; Skakkebaek et al., 2001) . Several studies suggest that female reproductive health is suffering from a similar decline, partly due to cultural changes (eg, delayed childbearing and increased use of contraception) but possibly also due to chemical exposures during fetal or postnatal life (Crain et al., 2008; Fowler et al., 2012; Gore et al., 2015; Richardson et al., 2014) .
Studies on pregnant women have shown that exposure to the mild analgesic paracetamol can interfere with reproductive development of male fetuses, possibly resulting in impaired fertility later in life (Jensen et al., 2010; Kristensen et al., 2011; Lind et al., 2013; Snijder et al., 2012) . Several studies have shown an association between intrauterine exposure to paracetamol and mild analgesics to the congenital reproductive malformation cryptorchidism, a severe risk factor for reproductive impairment (Jensen et al., 2010; Kristensen et al., 2011; Lind et al., 2013; Snijder et al., 2012) . Both animal experiments and human testicular explant studies now support this notion (Jegou, 2015; Kristensen et al., 2011 Kristensen et al., , 2012 Mazaud-Guittot et al., 2013; van den Driesche et al., 2015) . These studies all indicate that use of paracetamol among pregnant women is common, with frequencies ranging as high as 80% (Jensen et al., 2010; Kristensen et al., 2011; Lind et al., 2013; Snijder et al., 2012; Werler et al., 2005) . Moreover, recent biomonitoring data report an ubiquitous paracetamol body burden in German and Danish populations, suggesting an environmental exposure from secondary (nonpharmaceutical) sources Modick et al., 2014; Nielsen et al., 2015) .
The industrial chemical aniline is one potential source, explaining the seemingly omnipresence of paracetamol in Germans and Danes, especially as experiments show rapid metabolic conversion to paracetamol in the liver and that aniline exhibits similar fetal anti-androgenic effects in male mice as paracetamol (Holm et al., 2015; Kao et al., 1978; Modick et al., 2015) . Aniline is an essential building block in the chemical production of compounds, such as urethane polymers (eg, synthetic fibers), rubbers, dyes (indigo), pesticides, diphenylamine, and paracetamol. Hence, aniline and/or its derivatives are omnipresent in the Western world. It has been estimated that the intake of aniline solely through fruits and vegetables is approximately 0.11 mg/kg bodyweight/day (European Chemicals Bureau, 2004) . Other important sources of aniline may involve pesticide residues, pharmaceuticals, colorants used in foods, cosmetics, textiles, and cigarette smoke .
The combined weight of evidence now suggests that paracetamol is a potent disrupter of male reproductive development. However, in-depth analyses of the effect of paracetamol and aniline on female reproductive development are still limited. In the present study, we focused on how exposure to paracetamol and the precursor aniline affects female reproductive development and fertility in adult life.
MATERIALS AND METHODS

Animal Study
Intrauterine exposure by gavage from 7 days post coitum to delivery. All animal experiments were approved by the local Danish and Australian ethical committees. Paracetamol and aniline were purchased from Sigma-Aldrich and animals were inbred C57BL/6JBom, purchased from Taconic (Denmark). Fifty timemated dams were separated into five groups of 10 and treated every morning at the end of the dark period, from 7 days post coitum (dpc) to delivery. The compounds were administered in 0.5 ml water by gavage in the following groups: (1) water control, (2) 50 mg/kg/day paracetamol, (3) 150 mg/kg/day paracetamol, (4) 31 mg/kg/day aniline, and (5) 93 mg/kg/day aniline. The females were caged pairwise (randomly) together with a male. After mating, the males functioned as sentinels for toxicity, and hence received same dose as co-caged females, but were not further included in the study. The paracetamol doses, 50 and 150 mg/kg/day, were known to be subtoxic (Ghanem et al., 2009 ) and correspond to doses measured in pregnant women, whereas aniline was given in equimolar amounts. For doseresponse analysis of the antiandrogenic effect, anogenital distance (AGD) was determined by repeated blinded measurements by the same person with a second person handling the pups and analyzed by the calculated AGD index (AGDi): AGD divided by the cube root of the body weight (Gallavan et al., 1999) .
Intrauterine exposure 7-13.5 dpc. Intrauterine exposure was performed as above with 50 mg/kg/day paracetamol in 0.5 ml water administrated by gavage every morning at the end of the dark period. At 13.5 dpc dams were killed, fetal gonads dissected and immediately snap-frozen in liquid nitrogen and stored at À80 C until further analyses.
Test of female reproductive capacity after intrauterine exposure. Eight female offspring from the control group were randomly selected and caged pairwise with eight female offspring from the 50 mg/ kg/day paracetamol group. Pairs consisting of one control and one intrauterine-exposed paracetamol animal were mated for 14 days with an 8-week-old C57BL/6 J male that had not been previously exposed. Hereafter the dams were separated and pregnancies, time of birth, weight of pups, number of live and dead born pups, and lactating dams (with suckling pups) were registered until 14 days after the last birth. The mating was done twice, at 6 and 10 months of age.
Ex vivo culture of fetal gonads. Fetal gonad/mesonephros complexes from inbred C57BL/6 and outbred CD1 mice were dissected at 12.5 dpc and cultured with one complex used as control and the other treated with paracetamol. The samples were cultured individually in Dulbecco's modified Eagle's medium (DMEM) with 10% FCS and penicillin/streptomycin in HOLM ET AL. | 179 40 ml hanging drops for 3 days as described previously (Ryan et al., 2011) , with media changed daily with paracetamol/DMSO vehicle (1:2000).
Gonad Histology Immunostainings and Morphometrics
The majority of pups was killed at sexual maturity, 6-7 weeks of age, with gonads being collected by dissection. A subgroup of eight female pups from each of the dose groups were selected at random and kept for subsequent fertility studies at older age. Organs were photographed using a Stereo Discovery V8 stereomicroscope connected with an ICc3 camera (Carl Zeiss). Tissues were fixed in 4% formalin overnight at 4 C, embedded in paraffin, and sectioned at 5 mm.
One out of every five 5-mm section of the ovaries was mounted with albumin on 3-aminopropyltriethoxysilanetreated glass slides. After dewaxing and rehydration, antigen retrieval was performed with 10 mM citrate buffer pH 6 at 80 C for 45 min. Samples were blocked with 10% bovine serum albumin in phosphate-buffered saline (PBS Carl Zeiss) . For quantification of follicle numbers, slides were scanned on a Hamamatsu NanoZoomer scanner and cell counting was conducted blinded using NDP view software. Follicles were quantified as the sum of follicles identified in every fifth section using the Ybx2-stained oocyte nucleus as a marker and classified as previously described Mazaud et al. (2002) . Briefly, the primordial follicles were identified as an oocyte partially or totally surrounded by flattened granulosa cells; primary follicles identified as displaying one layer of cuboidal cells or at least one cuboidal granulosa cell; secondary follicles identified as displaying two layers of granulosa cells or at least one cell of the second layer; preantral identified by displaying more than two layers of granulosa cells; antral follicles identified by displaying antrum formation. Preantral and antral follicles were classified as atretic when displaying two or more pycnotic granulosa cells or degenerating oocyte.
Cell Culture
We used Nanog GFP reporter mouse embryonic stem (mES) cells from C57/BL6 mice with a bicistronic plasmid construct expressing hmGFP under the control of the mouse Nanog promoter and puromycin resistance (Kirby et al., 2012) . The mES cells were grown in DMEM supplemented with 15% heat-inactivated ES cell qualified FCS, 2 mM L-glutamine, 0.1 mM nonessential amino acids, 100 mg/ml streptomycin, 100 U/ml penicillin, and 0.1 mM b-mercaptoethanol and 1000 U/ml leukemia inhibitory factor, all supplied together with cells from Merck. Cells were cultured feeder cell-free on 0.1% gelatine (Sigma-Aldrich) matrix and fresh medium was provided every second day (or when necessary) in combination with passaging performed by washing cells in PBS (w/o Ca 2þ and Mg
2þ
) and trypsinization with 0.1% trypsin (Invitrogen). Trypsin was inhibited by adding 10 volumes of complete serum containing culture medium. Cells were split routinely 1:5 resulting in 40-60 000 cells/cm 2 . For exposure experiments, cells were seeded 50 000 cells/well in sixwell plates using three wells for controls and three wells for exposure. Six hours after seeding cells were exposed to 0, 50, 100, or 150 mM paracetamol in DMSO (1:2000) as the therapeutic doses in the blood are approximately 65-150 mM. The experiment was performed as three experimental replicates. Medium with paracetamol/DMSO vehicle was changed after 48 h. After 72 h cells were counted and analyzed for viability using a NucleoCounter NC-200 (Chemometec) using acridine orange staining for the total cell population and DAPI for the nonviable cells. A Flowsight Imaging Flow Cytometer (Millipore) was subsequently used for flow cytometry. Here, single cells were first gated by area and aspect ratio (width/height) and subsequently GFP positive cells were gated and median fluorescence intensity was calculated.
Reverse Transcription Quantitative PCR Prior to reverse transcription quantitative PCR (RT-qPCR), gonads were snap-frozen in liquid nitrogen, followed by protocols as described Svingen et al. (2009) . Briefly, RNA was isolated from gonad-mesonephros complexes using the RNeasy Mini Kit (Qiagen) including DNaseI treatment. RNA was quantified and purity-verified (260/280 nm ratio 1.8-2.0) on a NanoDrop spectrophotometer (Thermo Fisher Scientific) and 750 ng used for the synthesis of cDNA in the presence of random primers. RTqPCR reactions included 1 ml cDNA, 150 nM forward and reverse primers, and SensiFast SYBR lo-ROX Q-PCR mastermix (Bioline). Transcript levels were analyzed on a Stratagene Mx3000P Q-PCR system (Agilent Technologies) with an initial 10-min step at 95 C followed by 40 cycles of 95 C for 15 s and 60 C for 1 min.
Absence of genomic DNA was verified by -RT reactions for all RNA pools. Data were analyzed by the comparative Ct method. Primers were: mouse Vasa-homolog (Mvh), (F: 5 0 -agg aat gcc atc aaa gga aca ac and R: 5 0 -ccc aac agc gac aaa caa gta act g), ribosomal protein S29 (Rps29; F: 5 0 -tga agg caa gat ggg tca c and R: 5 0 -gca cat gtt cag ccc gta t), TATA-box binding protein (Tbp; F: 5 0 -acg gac aac tgc gtt gat ttt and R: 5 0 -act tag ctg gga agc cca ac), and succinate dehydrogenase complex, subunit A, flavoprotein (Sdha; F: 5 0 -tgt tca gtt cca ccc cac a and R: 5 0 -tct cca cga cac cct tct gt). For samples postculture, RNA was isolated from gonads as described above, but cDNA was synthesized using Applied Biosystems (ABI), High Capacity cDNA Archive kit. Relative cDNA levels were determined as detailed above, except using Taqman PCR master mix (ABI) and Taqman gene expression sets, and an ABI Prism ViiA7 machine was used. Gene expression sets used were
, and Scp3 (Mm00488519_m1, also known as Sycp3).
Statistics
Data were analyzed using GraphPad Prism version 6. Data from mouse intrauterine exposure experiments were analyzed using ANOVA followed by post hoc test for multiple comparison, as specified in each figure legend. Data on full term pregnancies were analyzed as a table of contingency using Fischer exact test. RT-qPCR data were analyzed with an unpaired t test. Significance was accepted at a confidence level of P .05.
RESULTS
Exposure During Pregnancy Reduced AGD As paracetamol is known to decrease AGD in male rat pups after intrauterine exposure to 150 mg/kg/day (Kristensen et al., 2011) , we decided initially to investigate the effect of paracetamol and aniline administered during fetal mouse development. We used pregnant mouse dams gavaged from 7 dpc to delivery with 50 and 150 mg/kg/day paracetamol or with the molar equivalent of 31 and 93 mg/kg/day aniline.
We observed no signs of general toxicity during daily observations, nor did maternal body weight vary between groups during pregnancy (data not shown and Holm et al., 2015) . Moreover, as described in Holm et al. (2015) , sentinel males coexposed with females showed no internal signs of toxicity by autopsy. There were no differences in litter sizes, sex ratio, stillborn pups, or pup weights except that the 150 mg/kg/day paracetamol group had more pups compared with the other groups (see data in Holm et al. 2015) . Following pup-weight development for 13 weeks revealed no differences in either males or females ( Figure 1A ).
Due to the initial small size of mouse pups and thus large variability in measurements, we repeatedly measured AGDi in a blinded manner for 6 weeks (weeks 4-10). All pups were measured at weeks 4 and 6, whereas subsequently eight pups were picked randomly from each group for the last measurements at weeks 8 and 10. At 4 weeks, only the highest concentrations of aniline and paracetamol significantly reduced AGDi. Later, the AGDi was significantly decreased for all exposure groups, except for the 50 mg/kg/day paracetamol group, from week 6 to 10 using the individual pup as statistical unit ( Figure 1B ). Using the average of the 10 full litters in each group at weeks 4-6 as the statistical unit did not change results.
Intrauterine Exposure Depleted Follicle Reserves After 7 weeks, eight pups from each dose group were carried forward for additional weight and AGDi measurements. Ovary weight normalized to body weight and macroscopic morphology were similar in all treatment groups ( Figure 1C and Supplementary Figure 1) . Similarly, all ovaries contained follicles at different stages of development with no obvious changes to oocyte size or corpora lutea as determined by histological assessments (Figure 2 ). However, immunohistochemical staining with Amh, which demarcates granulosa cells in small healthy growing follicles (Hirobe et al., 1992; Mark-Kappeler et al., 2010; Munsterberg and Lovell-Badge, 1991) , indicated that the overall follicle number was decreased in the treatment groups. Likewise, follicle numbers appeared markedly decreased in both aniline and paracetamol exposed groups, as visualized by expression of the oocyte-specific factor Ybx2 (Gu et al., 1998) (Figure 2) . We therefore quantified the number of follicles using histological sections immunostained for Ybx2. Primordial follicle numbers were approximately reduced to 50% in both paracetamol-and aniline-treated females compared with controls in all treatment groups ( Figure 3A) . Follicle depletion also significantly reduced the number of growing follicles (including follicles from primary to antral stage) in paracetamol-exposed females ( Figure 3B and Supplementary Figs. 2A and B) . The detailed analysis of growing follicle populations showed that early growing follicles (primary and secondary) were altered, whereas preantral, antral follicles, atretic pre-antral, atretic antral follicles did not display any significant changes in the paracetamol-exposed females ( Supplementary Figs. 2C-F) . The total numbers of follicles were significantly lower in the 2-month-old female mice following intrauterine exposure to paracetamol ( Figure 3D) . A similar tendency was observed for the aniline-exposed mice, albeit not to the same degree.
Intrauterine Exposure and Reduced Fertility
As a general decrease in primordial and growing follicles in paracetamol-exposed females could be envisioned to affect fertility, we next mated animals from both the control and 50 mg/kg/ day paracetamol groups with 8-week-old males. The males and females were kept together for a longer duration of 14 days ensuring that all dams had been mated and hence had been sperm positive. Furthermore, as the late growing follicle populations were not affected at 2 months, the mating was performed with middle-aged and older females, at both 6 and 10 months of age. The results indicated that administration of paracetamol during pregnancy interfered with fertility at both ages by reducing the number of full-term pregnancies, as well as the average number of pups from the dams (Figure 4) . Number of pups per pregnant dam did not decrease (data not shown). group. C, Weight of gonads relative to whole body weight from mice at 6-7 weeks of age (n ¼ 6-17). B and C, Results are depicted as mean 6 SEM. Statistics were performed using one-way ANOVA followed by Holm-Sidak multiple comparison test. *P .05 and **P .01. Intrauterine Exposure Resulted in Reduced Germ Cell Numbers at 13.5 dpc The reduced level of primordial follicles in the adult could indicate that intrauterine exposure to paracetamol had reduced the number of primordial germ cells. In the fetal ovary, germ cells proliferate until approximately 14 dpc before entering meiotic arrest (Feng et al., 2014) . We therefore exposed pregnant dams to 50 mg/kg/day paracetamol from 7 to 13 dpc and collected fetuses at 13.5 dpc by caesarean section. To assess germ cell numbers, we quantified the expression level of Mvh; a marker for fetal germ cells with a stable expression, compared with that of three different housekeeping genes (Tbp, Rps29, and Sdha). We observed 47% lower Mvh transcript abundance in ovaries from paracetamol-exposed fetuses as compared with controls, indicating a reduction in germ cell numbers ( Figure 5A ).
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Control
Ex Vivo Culture of Developing Fetal Gonads Did Not Indicate an Effect on Gonocytes
To further elucidate the effect of paracetamol on the developing gonad, we next investigated effects on gene expression in explanted fetal gonads from C57/B6 mice. Gonads were collected at 12.5 dpc and cultured with or without paracetamol for 3 days. At this stage, approximately 15.5 dpc, female germ cells should have developed into oogonia and entered meiosis. Exposure to 10 (data not shown) and 100 mM paracetamol did not significantly change expression levels of Mvh, compared with Tbp, suggesting that paracetamol had not impeded germ cell proliferation ( Figure 5B ). Next, we investigated whether there were any changes in expression levels of the stem cell (Oct4 and Sox2) and differentiation (Stra8 and Scp3) markers (Figs. 5C-G). As expression of the germ cell-specific gene Mvh was found not to be changed in the explants, we used Mvh as a second-tier normalizer in order to evaluate germ cell-specific gene expression in relation to germ cell number independent on changes to gonadal cellularity. The data indicated that the expression levels of both the stem cell and differentiation marker genes were unchanged (Figs. 5C-G).
As inbred C57/B6 fetuses have fewer gonocytes than outbred CD1 fetuses (Supplementary Figure 3) , we repeated the explant experiments using CD1 mice hypothesizing that the increased in gonocyte number would amplify any effects. However, there were no changes in expression of Mvh or other germ cell markers in the CD1 ovaries, supporting the notion that paracetamol did not affect the ovarian gonocytes. We also investigated effects on male fetuses and, as observed in the females, there were no changes in expression of either gonocytes-specific marker genes or differentiation marker genes ( Supplementary  Figure 4) .
Embryonic Stem Cells as a Proxy for Primordial Germ Cells Indicate Inhibited Proliferation
Intrauterine exposures were performed from 7 dpc, 3 days before the germ cells have colonized the gonads (Feng et al., 2014) . Therefore, any effects caused by paracetamol on germ cells could occur during migration of primordial germ cells (7-10.5 dpc) or early proliferation and differentiation (10.5-12.5 dpc). In order to study potential effects at these early developmental stages, we used low passage mES cells as a proxy system. In most respects, mES cells are indistinguishable from primordial germ cells and both have pluripotent capabilities in culture (Labosky et al., 1994; Wobus and Boheler, 2005) .
Exposing low passage mES cells to 50, 100 and 150 mM paracetamol for 72 h significantly reduced the total number of cells in a dose-dependent manner, showing that the proliferation had been inhibited ( Figure 6A ). Viability was not reduced in the exposed cells ( Figure 6B ) and hence, there was no increase in the number of dead cells among the exposed population.
With changes to the external environment, ES cells, like embryonic germ cells, are prone to differentiate in culture (Wobus and Boheler, 2005) . Any changes to pluripotencymarkers could indicate that paracetamol can change the pluripotent status of the cells. We therefore used mES cells expressing GFP under the control of the mouse Nanog promoter, a central pluripotency marker gene (Silva et al., 2009 ). Flow cytometry analysis indicated that there were no changes to Nanog expression between the groups. Seven percentage to 15% of the cells were Nanog negative, and hence, differentiating regardless of paracetamol exposure levels ( Figure 6C and Supplementary Figure 4) . In contrast, the intensity of the GFP signal was higher in the paracetamol-exposed cells (Figure 6D ), indicating a higher expression from the Nanog promoter.
DISCUSSION
Here, we have shown that fetal exposure to paracetamol and its metabolic precursor aniline can adversely affect reproductive health of female offspring. This follows evidence which suggests that paracetamol is a potent disrupter of male reproductive development (Jensen et al., 2010; Kristensen et al., 2011; Lind et al., 2013; Snijder et al., 2012) . Thus, paracetamol consumption during pregnancy can pose a significant risk to the reproductive health of all offspring regardless of sex.
Our data show that intrauterine exposure to aniline and paracetamol can decrease AGDi in female offspring. Although cases of such decrease in female AGDi are rare, intrauterine exposure to bisphenol A, the phytoestrogen genistein, estradiol benzoate, and the pesticide simazine has previously been reported to induce similar decreases at birth and in young rodents (Christiansen et al., 2014; Kobayashi et al., 2012; Levy et al., 1995; Park et al., 2014) . There is a general consensus that a shortened AGDi in the male reflects a deficit in androgenization during fetal life (Scott et al., 2009) . In the female, AGDi is considered less reliable, especially during the pre-and postweaning periods (Dusek et al., 2010) . However, the present data suggest that androgens or the ratio of androgens to estrogens also plays a role in female anogenital development. In both rats and mice, prenatal exposure to exogenous androgens results in longer, more masculine AGDi in females (Dean et al., 2012; Gandelman et al., 1977; Wolf et al., 2002; Wu et al., 2010) . Considering that it was recently reported that a longer AGD is positively associated with ovarian follicular numbers in young women (Mendiola et al., 2012) , we believe that a decrease in AGDi in the paracetamol-exposed females may also associate with follicle depletion.
As opposed to effects on the female genital tract, previous reports indicate that xenobiotics can directly affect the female germ cell lineage (Fowler et al., 2012; Zama and Uzumcu, 2010) . Notably, ovarian germ cells proliferate until 13.5 dpc in mice, but until gestational week 20 in humans. Subsequently, germ cells enter meiotic quiescence (Baker, 1963; Bendsen et al., 2006; Mamsen et al., 2011) . As a consequence, females are (although challenged by some studies [Virant-Klun, 2015] ) believed to be born with a finite number of oocytes that will serve for the whole reproductive lifespan. This leaves the premeiotic period of proliferation particularly sensitive to insult that can have consequences for later life.
Our data indicate that paracetamol, as well as aniline (probably by its metabolic conversion to paracetamol [Holm et al., 2015] ), can decrease the reservoir of primordial follicles, which then is associated with a reduced number of growing follicles. Moreover, our data indicate that intrauterine exposure to paracetamol reduces gonocyte numbers already at 13.5 dpc, so implying that a reduction in primordial follicles could be due to early reduction in ovarian germ cell numbers. Nevertheless, we did not observe an effect using ex vivo gonad cultures from 12.5 dpc, indicating that the effects of paracetamol could occur earlier in development. Using mES cells as a proxy for primordial germ cells, paracetamol appeared to directly decrease mitotic activity without increasing differentiation or cell death. This is in contrast to analgesics such as acetylsalicylic acid that have been associated with apoptosis in cancers, for instance of the colon (Jana, 2008) .
Earlier reports have shown that paracetamol can block DNA replication by inhibiting nucleotide synthesis (Hongslo et al., 1989; Lister and McLean, 1997) . It has also been shown that intrauterine exposure to acetylsalicylic acid in mice lowers fecundity (42% vs 92.1%), which is suggested to be due to inhibition of RNA synthesis in the developing ovaries (Mukherjee et al., 1975) . Although intrauterine exposure to acetylsalicylic induced primary infertility, as pregnant dams had reduced litter size (Mukherjee et al., 1975) , our data show that exposure to paracetamol induced a progressive development of reproductive insufficiency. Hence, young adult females displayed decreased primordial follicle reservoir and early growing follicle population, without any severe depletion of antral and preantral populations. From middle age and onwards, the adult females displayed decreased reproductive capacity that culminated with secondary infertility when reaching 10 months of age. These differences in timing of appearance of the reproductive phenotype indicate that the mechanisms of reproductive senescence may differ between females exposed in utero to acetyl salicylic and paracetamol. Also, we cannot exclude the possibility that paracetamol-exposure during fetal life impacted directly on primordial follicle quality. This would help explain the significant reduction in growing follicles which indicates that the cyclic phase of folliculogenesis leading to the formation of preovulatory follicles may have been affected. However, further studies need to address whether paracetamol exposure can affect the programming of other reproductive organs such as the uteri, or by affecting development of the hypothalamus or pituitary.
As mentioned, we suggest that the observed decrease in fertility is due to a reduction in embryonic germ cell numbers that possibly occurred prior to differentiation of primordial germ cells into gonocytes. This is of concern, as the administered lower dose of paracetamol used in this study (50 mg/kg/day paracetamol) is the same as the dose allowed to be taken by pregnant women (Holm et al., 2015) . Moreover, when comparing animal exposure studies to human exposure levels, difference in body size needs to be considered. A system of allometry based on the body surface area can be applied where mouse dose data are divided by a factor of 12.33 (Reagan-Shaw et al., 2008) . Using this approach, the doses we used for aniline (31 and 93 mg/kg/day) correspond to 2.5 and 7.5 mg/kg/day, respectively. This means that the lower dose of aniline is only approximately 3-10 times higher than the estimated human industrial emissions body burden of 0.74 mg/kg/day and the more general body burden of 0.11 mg/kg/day alone by fruit and vegetables consumption (European Chemicals Bureau, 2004) .
We also examined fetal testes from animals that had been exposed to paracetamol in vivo, as well as testes exposed ex vivo. Our data strongly suggest that at least gonocyte numbers were relatively unaffected by paracetamol exposure, corroborating what we have observed in previous studies (Kristensen et al., 2011 (Kristensen et al., , 2012 Mazaud-Guittot et al., 2013) . We speculate that the sex difference seen in germ cell numbers following exposure to paracetamol is due to the sexually dimorphic developmental trajectory between testes and ovaries; for instance that germ cells of the testis enter mitotic arrest, whereas those of the ovary enter meiotic prophase I at this early developmental stage. Considering all current data, intrauterine exposure to paracetamol, both through metabolism of the environmental compound aniline and by pharmacological use as an analgesic during pregnancy, may impair reproductive development of female fetuses, ultimately resulting in reduced follicle reserves in adulthood and compromised fertility. This is of concern as women worldwide already are challenged by a diminished number and quality of follicle by delaying childbearing (Richardson et al., 2014) . Therefore, more investigations are needed to confirm these suspicions and elucidate further the potential mechanisms underpinning the effects.
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